ABSTRACT Thirteen patients with renal failure and pulmonary oedema were assessed for evidence of increased pulmonary vascular permeability to protein by a double isotope technique. Comparison was made with 10 patients with cardiogenic pulmonary oedema, 11 healthy volunteers, and 10 patients with the adult respiratory distress syndrome. There was no significant difference in the accumulation of a radiolabelled plasma protein (transferrin) in patients with renal or cardiogenic pulmonary oedema and normal volunteers. Patients with adult respiratory distress syndrome showed significantly greater protein permeability (p < 0-001). In pulmonary oedema associated with renal failure managed by current regimens there was no evidence of increased permeability to transferrin.
The mechanisms underlying the pulmonary oedema of renal failure are unknown, but fluid overload, left ventricular failure, and increased pulmonary microvascular permeability secondary to uraemia have all been invoked. There is increased endothelial permeability to sodium and water in pulmonary oedema, including that associated with renal failure,1 and alveolar epithelial permeability to technetium-99m labelled diethylenetriamine pentacetic acid (99mTc DTPA, 492 daltons) was increased before and reduced during haemodialysis. 2 Histological studies of uraemic lung showed the presence of a proteinaceous oedema fluid but many of the subjects had intra-alveolar haemorrhage.3 Direct sampling of oedema fluid by endotracheal aspiration in two patients showed a raised protein content, suggesting increased pulmonary vascular permeability to plasma proteins in renal failure,4 although the lack of change in the volume of distribution for albumin in the lung suggests the opposite.1
To investigate the possibility that increased vascular permeability to plasma protein occurs in pulmonary oedema associated with renal failure, we determined the accumulation of radiolabelled transferrin in the lung. Patients with renal and cardiac failure associated pulmonary oedema were compared with healthy controls and patients with high permeability pulmonary oedema. Pulmonary vascular permeability to transferrin in the pulmonary oedema of renal failure In lung counts Tc lung counts In heart counts Tc heart counts A fitted regression line for these data against time was derived. The protein accumulation index (PAI) was numerically equal to the gradient of this line. The ratio of lung to heart counts corrects for radioactive decay, changes in blood volume, and loss of transferrin to other extra vascular compartments. Examples of PAI calculations are given in figure 1.
COLLOID OSMOTIC PRESSURE
An estimate of colloid osmotic pressure was determined from serum albumin and globulin concentration10 for the groups with renal and cardiac disease.
STATISTICS
Data throughout are expressed as means with standard deviations in parentheses. The significance of differences between groups was assessed by analysis of variance. All PAI values given are the higher measurement if a bilateral study was performed.
Results
The mean PAI of the patients with renal failure was not significantly different (p > 0 05) from that of the cardiac group or a healthy control group. The mean PAI values for all three groups were significantly lower than for the adult respiratory distress syndrome group (p < 0 001) (fig 2) . The mean arterial oxygen tension ratio for the cardiac group was significantly less than that of the renal group (p < 0-01; tables 1 and 2) and that of the patients with adult respiratory distress syndrome (mean 13 2 (SD 3.4)) was significantly less than both these groups (cardiac; p < 0 001; renal: p < 0-001). The mean total protein * and albumin concentrations were similar (tables 1 and 2) and the mean (SD) calculated colloid osmotic * pressures were not significantly different (221 (57) cmH2O for renal and 277 (52) cm H20 for cardiac T patients).
The pulmonary capillary wedge pressures that were 26 mmHg) and four with cardiac disease (mean 20 * 4 w (SD 4-3) mm Hg) were consistent with the devel-* opment of hydrostatic oedema.
Discussion
A common feature of pulmonary oedema is increased permeability to water and low molecular weight solutes, probably attributable to haemodynamic factors and associated hydration of the alveolar interstitium and basement membrane." 12 It is possible that the severe complication known as uraemic lung is not the same as the pulmonary oedema currently seen in renal failure. In a series of five such cases all were uraemic with severe hypertensive cardiac failure and blood pressures of 180-300 mm Hg systolic and 130-160 mm Hg diastolic.3 Hypertension was a prominent feature of other similar studies. 13 14 16 17 In the patients studied here systolic pressures were 80-220 mm Hg and diastolic pressures 40-130 mm Hg and only five patients were considered to be hypertensive. Uraemic lung may have resulted from a combination of hypertension and severe left ventricular overload, leading to the production of a protein rich pulmonary oedema due to secondary permeability changes and intra-alveolar haemorrhage.
Thus in pulmonary oedema associated with renal failure managed under current regimens there is no increased pulmonary vascular permeability to the plasma protein transferrin. The double isotope method may be of use in identifying patients with renal failure and pulmonary oedema due to adult respiratory distress syndrome.
